Crude palm oil futures market efficiency: Long memory investigation by Ahmad, Norzalina et al.
572 
2nd INTERNATIONAL CONFERENCE ON MANAGEMENT, ECONOMICS 
AND FINANCE (2nd ICMEF 2013) PROCEEDING 
28 -29 OCTOBER 2013.  NOVOTEL 1BORNEO, KOTA KINABALU, SABAH, MALAYSIA 
ISBN: 978-967-5705-12-0. WEBSITE: www.internationalconference.com.my 
 
CRUDE PALM OIL FUTURES MARKET EFFICIENCY: LONG MEMORY 
INVESTIGATION 
Norzalina Ahmad 
School of Economic,Finance and Banking  
Universiti Utara Malaysia 
norzalina@uum.edu.my 
Neil Kellard & Stuart Snaith 
Essex Business School 





The two fundamental functions of a futures market is the price discovery function and the hedging 
(or risk transfer) function. These functions can be achieved optimally if the market is efficient. This 
study employs daily data for the Malaysian crude palm oil (CPO) futures from 1997 to 2010 to 
explore the impact of the time series properties of the futures-spot basis and the cost of carry on 
futures market unbiasedness. The main result is that the basis of the CPO futures exhibit long 
memory component. Using interest rate as a proxy for cost of carry, our results support the evidence 
of the long memory. This evidence of long memory implies the existence of persistence in the data 
and as consequence; future spot price observations might be predictable on the basis of past 
realisations of the data. This leads to the rejection of unbiasedness hypothesis and therefore exhibits 
market inefficiency. 
Field of Research:  Efficient market hypothesis, Long memory, Crude palm oil futures market 
 
1. Introduction 
Futures prices play an important role in price discovery and forward pricing of agricultural 
commodities. In a country like Malaysia where the economy depends on commodity earnings for a 
substantial portion of their flow of foreign exchange, severe fluctuations in commodity prices could 
have unfavourable effects.  Therefore, as an alternative, commodity futures can be used by the 
owner of the physical commodity (i.e., palm oil futures in this context) to minimize the risk of price 
fluctuations in order to achieve a better price (Rosalan, 1998). A range of derivatives securities 
including palm oil futures have been traded in Malaysia since 1980 with the aim of fulfilling the need 
for price discovery, risk management and speculation
1
.  
The effect of the futures price on the cash price has been the subject of interest for both 
academics and practitioners. Fama (1970) proposed that security prices should always reflect all 
available information in an efficient market (see page 383). If market efficiency holds, arbitrage 
opportunities will appear to be minimal. However, in order to test market efficiency, it must be 
jointly tested with some asset pricing model. According to futures market literature (see, inter alia 
McKenzie & Holt, 2002), the model which states that the futures price is an unbiased estimator for 
the future spot price is the appropriate framework to test efficiency. Using this model which is 
                                                            
1
 Information from Bursa Malaysia Derivatives Berhad. 
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normally known as the unbiasedness hypothesis implies that the market price already incorporates 
all available information, that market participants are risk neutral and therefore speculators cannot 
exploit the market to gain excess return.  
A recent method adopted to test the unbiasedness hypothesis in the futures markets is 
based on the memory parameter of the relevant time series (see Choi & Zivot, 2007; Kellard & 
Sarantis, 2008; Kellard et al., 2010;  Coakley et al., 2011). Specifically, the long memory process 
concerns about the observations in the remote past are highly correlated with observations in the 
distant future (Mandelbrot & Wallis, 1968). Therefore, the past price can be used to predict the 
future price. In an efficient market hypothesis, it is normally assumed that the time series of the 
prices follows a random process; that is, all observations are uncorrelated and the series is said to 
have no memory. If the prices have no memory, past behaviour is not useful in defining how a series 
will behave in the future. On the other hand, a short memory process presents autocorrelations 
decaying to zero at a geometric rate. In contrast, a long memory process has autocorrelations that 
decay much more slowly, at a hyperbolic rate. Clearly, a finding of short or long memory could 
indicate the existence of some exploitable predictability and therefore lead to the rejection of 
market efficiency.  
This research focuses on a long memory investigation into the crude palm oil (CPO) futures 
market because recent literature (see Coakley et al., 2011), suggests that the existence of long 
memory behaviour in commodity markets can explain the rejection of the unbiasedness hypothesis. 
The detection of a long memory process can be assessed by using the fractional integration 
approach. Fractional integration has been the focus of extensive theoretical and empirical research 
in recent years. This approach has been widely used in testing the long memory component in asset 
volatility and asset return and most of the literature has often found a long memory component in 
both series (see Baillie et al., 1996; Bandi & Perron, 2006 for stock market volatility. Brunetti & 
Gilbert, 2000; Barkoulas et al., 1997; Crato & Ray, 2000;  Jin & Frechette, 2004; Elder & Jin, 2007; 
Figuerola-Ferretti & Gilbert, 2008; Fernandez, 2010 for commodity market volatility. Elder & Jin 
(2009); Elder & Serletis (2008) in asset returns). Despite the voluminous literature examining 
fractional integration in futures return and volatility, this research takes a different tack. In 
particular, we examine the long memory behaviour of the CPO futures basis which allows us to 
relate any long-run component with the unbiasedness hypothesis. In short, and as will be explained 
in more detail later, the existence of a long memory component shows the invalidation of the 
efficient market hypothesis in its weak form. Notably, past literature has found that there is 
evidence of fractional integration behaviour in the stock index basis (Lien & Tse, 1999), in foreign 
exchange forward premium (Maynard & Philip, 2001; Choi & Zivot, 2007; Kellard & Sarantis, 2008) 
and in the commodity basis (Coakley et al., 2011). All the research to date is conducted in developed 
markets and well established futures contracts.   
In the CPO market, to our knowledge, there is no empirical evidence that specifically 
investigates the long memory process in the futures basis and therefore this is the main contributor 
of this research. Closely related research includes Tansuchat (2009) who applied the Fractional 
Integrated GARCH class model to 16 commodity futures return series including CPO. The result 
shows that palm oil return volatility exhibits a long memory process and was stationary. However, 
Tansuchat does not specifically discuss market efficiency. Therefore, this research will be the first to 
investigate the CPO futures market efficiency using a long memory approach. Earlier research on 
market efficiency using standard techniques, suggests that CPO futures are the unbiased predictor of 
the future spot price (Fatimah & Zainalabidin, 1994). The most recent evidence is by Liu (2009) 
where the unbiasedness hypothesis is tested for CPO futures for participants in the European Union. 
This research found that the Malaysian CPO futures price is an unbiased predictor for the European 
spot price in the long-run for most forecasting periods. However, this result cannot be used to 
definitely conclude that the CPO market is efficient because of issues like the distance between the 
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futures market and spot market, transaction costs, risk premia, transportation and insurance need to 
be considered. 
Overall then, this research contributes to the large body of literature on market efficiency 
via a long memory investigation in several ways. Firstly, and as noted above, we test for fractional 
integration in the CPO futures basis. More specifically, this research extends the most recent 
research in commodity futures by Coakley et al. (2011) by applying CPO data. Secondly, we also 
examine the long memory properties of the cost-of-carry as in the Brenner & Kroner (1995) 
framework. Previous literature characterised cost-of-carry as either stationary I(0) or non-stationary 
I(1). Evidence of long memory in the cost-of-carry can challenge the standard cointegration analysis 
which assumes that the forecast error must be stationary. Thirdly, this research also uses several 
time horizons (i.e., different maturity contracts) to capture the term structure of the futures basis 
and interest cost (i.e., proxy for cost-of-carry) series over time. 
Both parametric and semi-parametric methods are employed to tests for the order of 
integration in the appropriate series. Our main result is consistent with Coakley et al. (2011) with the 
finding of a long memory component in the futures basis. The result shows there is persistence in 
the forecast error and is therefore inconsistent with the unbiasedness hypothesis. Moreover, our 
test on the cost-of-carry in the palm oil market shows there is long memory in the series. Next, our 
results suggest that the level of persistent in futures basis and interest cost increases with time to 
maturity. This suggests that any relevant shock to the market takes more time to die out for 
contracts that have a longer time to maturity.  
The remainder of this research is as follows: Section 2 describes two tests of market 
efficiency based on cointegration theory. Section 3 discusses the methodology used to test 
unbiasedness and market efficiency. Section 4 presents the description of the data and the 
discussion about the findings. The last section will conclude this research. 
2. Market efficiency and cointegration 
This section will discuss the commonly used market efficiency test based on the cointegration 
theory. These are either the Efficient Market Hypothesis (Fama, 1970) or the no-arbitrage cost-of-
carry model (Brenner & Kroner, 1995). 
2.1  Efficient market hypothesis 
Based on the efficient market hypothesis, spot and futures prices must be cointegrated, the 
cointegrating vector must be one and the forecast error must be a white noise process (Engle & 
Granger, 1987). If there is cointegration between the spot and futures price, it implies evidence of 
the weak form of market efficiency. Under the joint assumptions of rational expectations and risk 
neutrality, market efficiency is tested using the unbiasedness hypothesis, given by 
 (1) 
where and  are the logarithms of the spot and futures price at time  and  is the 
expectations operator conditional on information available at time . This equation is expressed as 
the levels relationship by 
 (2) 
where  the forecast error, must be a random and zero mean variable. Given this level specification 
of the unbiasedness hypothesis and taking into consideration that spot and futures prices are 
generally found to be nonstationary (Kellard et al., 2001), the existence of cointegration between 
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spot and lagged futures price is a necessary condition for market efficiency. The cointegrating 
regression can be specified as 
 (3) 
In order for the unbiasedness hypothesis to hold, it requires   and  must be 
serially uncorrelated. Spot and futures price are cointegrated if there exists a linear combination, 
where the error term ( ) is stationary, given by 
. (4) 
An equivalent approach for testing the unbiasedness hypothesis is using the residual term in 
the level specification (2)
2
. It can be expressed as 
. (5) 
Given that the spot return  is stationary I(0)
3
, the futures basis  determines 
the order of integration of the forecast error . The unbiasedness hypothesis requires the 
forecast error  to be stationary I(0), which leads to the condition that the basis should be 
I(0) . In fact, Maynard & Philips (2001) state that the inclusion of the spot returns in conventional 
tests simply adds unnecessary noise that could bias the results in finite samples. They also suggest 
that this finite sample bias is particularly significant because the basis is likely to be small in 
magnitude relative to the spot return and so the time series properties of the forecast error could be 
denominated by those of the spot return. Recent evidence on the time series characteristics of the 
commodity futures basis shows that it is neither I(1) nor 1(0) and is better characterised by a 
fractionally integrated process with  0< <1( see Coakley et al., 2011). A fractional integration in the 
futures basis implies a rejection of the unbiasedness hypothesis because it leads to persistence in 
the forecast error. In other words, it allows the forecast error to be predictable from past value. 
Later on, this research will therefore examine whether the CPO futures basis can also be 
characterised as a long memory process. 
2.2  Cost-of-carry model  
An alternative model for assessing the efficiency of the futures markets comes from Brenner & 
Kroner (1995). This model uses a no-arbitrage cost-of-carry model and argues that the existence of 
cointegration between spot and futures price depends on the time series properties of the cost-of-
carry. Based on the no-arbitrage cost-of-carry relationship, the relation between futures price and 
spot price can be expressed as 
         (6) 
where  and is the level of futures price and spot price at time  respectively,  is the interest 
rate,   is the storage cost and , the convenience yield. Some of the literature (see Amin & Jarrow, 
1991) incorporates the effect of the marking-to-market feature of futures contract into the 
equation. However, the effect of marking-to-market is likely to be economically small and should not 
                                                            
2
 Inter alia, Maynard & Phillips (2001) and Kellard & Sarantis (2008) used this expression in the forward 
exchange market. 
3
 Baillie et al. (2002) argue that the stationarity of I(0) for spot return is not only supported by good theoretical 
reasons, but also by the overwhelming empirical evidence. 
576 
2nd INTERNATIONAL CONFERENCE ON MANAGEMENT, ECONOMICS 
AND FINANCE (2nd ICMEF 2013) PROCEEDING 
28 -29 OCTOBER 2013.  NOVOTEL 1BORNEO, KOTA KINABALU, SABAH, MALAYSIA 
ISBN: 978-967-5705-12-0. WEBSITE: www.internationalconference.com.my 
 
be included in the pricing formula (see Heaney, 2002; Benninga & Protopapadakis, 1994 and Cornell 
& Reinganum, 1981). 
The log version of (6) gives the equation below. 
. (7) 
Jumah et al. (1999) assume that the quantity ( ) is stationary. The interest rate is directly 
observable. It represents the opportunity costs associated with holding inventory between the 
current period and the period in which a specific futures contract matures (Zapata & Fortenbery, 
1996). Therefore, the time series characteristic of the interest rate is critical in describing the 
dynamic relationship between the cash and futures price. Brenner & Kroner (1995) argued that the 
spot and futures prices will be cointegrated only if the cost-of-carry itself is stationary I(0). Given 
that cost-of-carry is I(0), equation (7) suggests that basis ( ) should be I(0) and the forecast 
error in (5) will be I(0) too. This leads to the unbiasedness hypothesis. However, the most recent 
evidence (see Coakley et al., 2011) found that the cost-of-carry (proxied by interest cost)
4
 has the 
same time series characteristics as the basis (i.e., fractionally integrated I(d) process) which implies 
the unbiasedness fails.  This recent evidence extends  the Brenner & Kroner  framework that only 
considers the cost-of-carry to be either a stationary I(0) or a unit root process I(1).  
3. Methodology 
3.1  Fractional integration 
The fractional integration approach was introduced by Granger & and Joyeux (1980) and Hosking 
(1981) and allows the modelling of long memory or persistence to be  0< <1, where  is the 
differencing or memory parameter. This approach has led to further developments in modelling the 
conditional mean, resulting in the Autoregressive Fractional Integrated Moving Average (ARFIMA) 
class of models. These models are generalizations of the ARMA and ARIMA models for the time 
series. Generally it can be written as 
 (8) 
where p. ,q are non-negative integers,  and  are the stationary autoregressive (AR) and 
moving average (MA) components, and  has an unconditional N(0, ). The parameter  is 
allowed to assume any real value. If =0, the series  is a standard mean- reverting stationary 
ARMA process and exhibits a short memory process. This is in contrast to an I(1) or =1 process, 
which will be both covariance non-stationary and non-mean-reverting in which case the innovations 
will persist forever. If 0< <1 the series is a fractionally integrated process and is known as long 
memory process. If  (0, 0.5) the ARFIMA process is said to exhibit long memory and the process 
will remain stationary. The process is said to exhibit intermediate memory or anti-persistence if  
(-0.5, 0). For  (0.5, 1) the process is still mean-reverting even though it is not covariance 
stationary, as there is no long-run impact of an innovation on future values of the process. A series 
exhibiting long memory or persistence has an autocorrelation function that decays hyperbolically 
                                                            
4
 Yang et al. (2001) suggests that interest cost should be proxied as the cost-of-carry. As previous study (see 
Coakley et al., 2011), we define interest cost as R(T-t) where R is the interest rate and T-t is represents the time 
to maturity and is not a constant. 
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and therefore more slowly than the geometric damping exhibited by a short memory ARMA process. 
Even though fractionally integrated series have long memory, eventually the effects of a shock will 
dissipate and the series returns to its mean level. 
There are two broad approaches to the estimation of an ARFIMA model. The first one is 
exact maximum likelihood estimation (EMLE) as proposed by Sowell (1992). Sowell’s approach 
requires specification of the p and q values and estimation of the full ARFIMA model conditional on 
those choices. This involves all the attendant difficulties of choosing an appropriate ARMA 
specification; a formidable task as each relevant combination of p and q needs to be evaluated. In 
the literature, the optimal number of p and q is therefore typically selected using information 
criteria ( see Diebold & Rudebusch, 1991 and Vougas, 2004).  
The second approach to ARFIMA estimation is to adopt semi-parametric methods. This tack 
assumes that the short memory or ARMA components of the time series are relatively unimportant, 
so that the long memory parameter  may be estimated without fully specifying the data 
generating process. There are few semi-parametric estimator for I( ) such as the Lo Modified 
Rescaled Range estimator (Lo, 1991), the Geweke-Porta Hudak (GPH) log periodogram regression 
estimator (Geweke & Porta-Hudak, 1983), the Phillip Modified GPH log periodogram regression 
estimator (Phillips, 1999) and Robinson’s log periodogram regression estimator (Robinson, 1995). 
However, the method mostly used in long memory studies is the spectral regression method 
proposed by Geweke & Porta-Hudak (1983). The popularity of the GPH method results from its semi 
parametric structure, because it does not require assumption about the underlying distribution of 
the data and any eventual short range dependencies (Sibbertsen, 2004). When applying the GPH 
test, the series is often differenced so that the resulting  estimate will fall in the (-0.5, 0.5) interval. 
Specifically, GPH propose a semi-parametric method for testing  using the following ordinary Least 




where =  ,  is the periodogram of  evaluated at the  frequencies. T is the 
number of observations and  is small compared to T. The significance of fractional integration in 
the series is indicated by the standard t-statistic on, .  
4. Data and findings 
4.1 Data 
This research uses the daily data for the CPO futures from August 1997 to December 2010 gathered 
from the Bloomberg database. We rolled over the futures contract for the next maturity period 
based on the first business day of the contract month. Yang et al. (2001) argues that it is appropriate 
to use the nearby futures contract since it is highly liquid and typically the most active. However, we 
create six different series (one month to six months) based on the maturity contract for the purpose 
of term structure observation
5
. This involves 3236 observations for each series. Daily CPO spot prices 
were obtained from the Malaysian Palm Oil Board (MPOB) database. For the interest cost (i.e., proxy 
for the  cost-of-carry), we use the Malaysian T-bill band 4 (middle rate 68-91 days) and this is 
gathered from DataStream.  
                                                            
5
 For example, for January spot month, 1month futures contract will be February contract and 2 month futures 
contract will be March contract. 
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4.2 Fractional integration and the unbiasedness hypothesis 
Prior to investigating the long memory properties of the CPO futures basis, we examine the 
unbiasedness hypothesis using the conventional procedure
6
. Before we test for fractional integration 
in the futures basis, we carry out an initial unit root test. To be clear, we construct the futures basis 
series as the difference between the logarithm of the futures price and spot price ( . The 
result shown in Table 1.1 suggests that all basis series are I(0); a result that is significant at the 1 
percent level. This finding is consistent with Coakley et al. (2011). However, these tests so far restrict 
the series to be either I(0) or I(1) process. Coakley et al. (2011) suggest that the futures basis for 
agricultural commodities tends to exhibit slightly higher persistence than non-agricultural and 
financial assets. The finding of the long memory behaviour implies a rejection of the unbiasedness 
hypothesis because it implies persistence in the forecast error.  As shown earlier, the forecast error 
can be composed into spot return and futures basis components. If the futures basis is fractionally 
integrated, it suggests that forecast error contains a long memory process.  
 
Table 1.1: Unit root test for futures basis ( ) 



















Basis2 -4.35*** -4.35*** -20.37*** -20.38*** 
Basis3 -4.23*** -4.23*** -12.36*** -12.36*** 
Basis4 -4.44*** -4.44*** -9.61*** -9.61*** 
Basis5 -4.18*** -4.18*** -8.06*** -8.06*** 
Basis6 -4.09*** -4.09*** -6.94*** -6.94*** 
Note: 
 1. ***significance at 1% level 
 2. Number of lags is based on AIC. 
 
We employed a parametric ARFIMA (p, ,q) and the semi-parametric test of Geweke-Porta 
Hudak (GPH)
7
.The results based on parametric tests are presented in Table 1.2. The first differenced 
series is applied to satisfy the stationary condition -0.5< <0.5. The resulting estimates of is then 
increased by 1. For the stationary range, -0.5< <0.5, Robinson (1995) shows that the GPH estimate 
is consistent and asymptotically normally distributed. As we mention earlier, one of the drawbacks 
of the parametric test is the requirement to estimate the optimal number for lags p and q. In this 
                                                            
6
Firstly, we carry out the initial test for a unit root based on the Augmented Dickey Fuller (ADF) and Phillips 
Perron tests. Both tests show that all series are non-stationary or I(1) in levels and become stationary when 
applied to the first difference series.  Unit root tests for the interest cost R(T-t) suggests that interest costs are 
an I(0).We then test the cointegration relation using the Johansen test (1988, 1991) and the results suggest 
that all series are cointegrated and have a vector of rank 1. Therefore, on the basis of standard tests, we would 
conclude that there is a long-run cointegration relation between CPO futures and the spot price. Next, we test 
the unbiasedness hypothesis by imposing the joint restriction  and 1 on the cointegrating 
regression. The result shows that we are failed to reject 1 for all series except for 1 and 2 month 
contracts. This implies that the futures price is the unbiased predictor for spot futures prices for a contract that 
has maturity longer than 2 months. These results are not reported here but are available upon on request. 
7
 We used both test for the comparison purpose.  
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research we chose ARFIMA (1, ,0) and (1, ,1) because of the popularity of this selection
8
. 
Parametric tests based on the ARFIMA (1, ,0) shows that the futures basis is neither I(0) nor I (1) 
but better characterised by long memory behaviour with  (0.49, 0.81) and typically in the non-
stationary region. ARFIMA (1, ,1) results suggest that futures basis contains long memory for 1, 2, 3 
and 4 months.  
Moving on, results using the semi-parametric GPH test (see Table 1.3) is consistent with the 
ARFIMA (1, ,0) in which significantly shows the existence of fractional integration in the series for 
all horizons
9
. Only the 1 month series shows that the point value of  (0.39) lies in the stationary 
region. However, the rest of the months are in non-stationary region with  (0.52, 0.66). By 
comparison, Coakley et al. (2011) found that agricultural commodities presented point estimates of 
the GPH estimate (0.22, 0.88). The findings of long memory are contrary to the finding using a 
standard ADF test which shows that the basis are I(0).  
Table 1.2:  Parametric tests for the basis ( )
10
 
 ARFIMA (1, ,0) with constant ARFIMA (1, ,1) with constant 















basis2 0.65(0.02) -20.79 38.74 0.77(0.04) -6.32 20.85 
basis3 0.73(0.02) -16.06 43.46 0.86(0.04) -3.53 22.38 
basis4 0.77(0.02) -13.95 45.93 0.91(0.04) -2.32 22.99 
basis5 0.79(0.02) -12.62 47.98 0.96(0.04) -1.06 23.28 
basis6 0.81(0.02) -11.26 48.62 0.95(0.04) -1.23 24.82 
Note: 
1. The numbers in parentheses are standard errors. 
2. Basis1 refers to futures basis for 1 month maturity, basis2 for 2 months and so on. 
3.   column represents the test statistic (dARFIMA -1)/std errord. 
4.   column represents the test statistic (dARFIMA - 0)/std errord. 




 tests for the basis ( ) 
 (S.E)   
                                                            
8
 This measurement also used by Coakley et al. (2011). 
9
 Note that we do not test for the presence of GARCH volatility in the data. Agricultural commodity futures 
markets are exposed to the natural disaster such as changes in weather which can give major impact on 
demand and supply of commodity. This can make futures market more volatile and has high risk. Therefore, 
there might be the possibility of presence of GARCH volatility in the data series. Further research is 
encouraged along this line. 
 
10
 The resulting result from differenced data is increased by 1. 
11
 As suggested by Geweke & Porter-Hudak (1983), we use truncation parameter , where  is the 
number of observations. 
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basis1 0.39(0.02) -34.94 22.54 
basis2 0.52(0.02) -27.84 29.63 
basis3 0.59(0.02) -23.5 33.97 
basis4 0.62(0.02) -21.63 35.84 
basis5 0.65(0.02) -20.28 37.20 
basis6 0.66(0.02) 19.97 38.51 
Note: 
1. The numbers in parentheses are standard errors. 
2. Basis1 refers to futures basis for 1 month maturity, basis2 for 2 months and so on. 
3.   column represents the test statistic (dGPH -1)/std errord. 
4.   column represents the test statistic (dGPH - 0)/std errord. 
5.  5% and 10% critical values are ±1.96 and ±1.64 respectively. 
 
 
Overall, the investigation of fractional integration in the CPO futures basis is consistent with 
the findings with Coakley et al. (2011), Lien & Tse (1999), Choi & Zivot (2007) and Kellard & Sarantis 
(2008) which suggests that the basis is neither I(0) or I(1). It shows that the mean reverting shocks to 
the conditional mean die out at a slow hyperbolic rate of decay. Furthermore, it also suggests that 
the unbiasedness hypothesis in CPO futures-spot relationship can be rejected. This finding 
contradicts the evidence based on the standard cointegrating vector of (1, -1). The interesting result 
to be highlighted here is that of the term structure of the futures basis. The result suggests that the 
value of  increases with the time horizon. This finding indicates that the persistence of shock 
increases with the contract length. Lien & Root (1999) found a similar result when they investigated 
the natural gas futures market. They argue that, intuitively futures contracts with a longer maturity 
date may take more time to converge to long-run equilibrium following a shock in the market such 
as the arrival of new information. 
The evidence of long memory suggests that the CPO futures market is not unbiased but it 
does not necessarily mean fully inefficient. This is because there are other considerable factors that 
contribute to the market inefficiency debate like the existence of the risk premium and the 
speculation activities in the less efficient market. Wang & Ke (2005) argue that over-speculation or 
market manipulation by speculators can contribute to market inefficiency. The evidence of market 
inefficiency suggests that the future spot price might be predictable using past prices because the 
current price does not absorb all available information. This evidence may give a useful signal to CPO 
traders, especially speculators. They can use their knowledge and ability to forecast the future spot 
price and make excess return. Furthermore, Lo et al. (2000) suggests that some of the statistical 
techniques such as ‘head and shoulder’ formation can recognise patterns and may actually have 
some modest predictive power. Moreover, Rosalan (1998) researched hedging effectiveness using 
CPO futures for palm oil producers and refiners. He argues that to make a modest profit, palm oil 
traders should seriously consider getting information from the price forecast as a basis of their 
hedging. He also found that the physical palm oil owners are using the combination fundamental 
and technical analysis for their price forecasts. This suggests that the CPO futures market may not be 
fully efficient and that the past price can be used to predict the movement in the future spot price. A 
possible explanation for the price inefficiency in the palm oil market might arise from the trading 
behaviour of irrational traders. For example Shiller (2000) describes the rise in the US stock market 
during the late 1990s as the result of psychological contagion leading to irrational exuberance. On 
the other hand, irrational traders may have a tendency to underreact to new information. Perhaps, 
this irrational trader type exists in the CPO futures market.  
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4.3 The long memory properties of the cost-of-carry 
This section examines the time series characteristics of the interest cost in the CPO futures market 
which is used as the proxy for cost-of-carry. Earlier literature found that interest cost is stationary 
I(0) (see Yang et al., 2001). However, recently Coakley et al. (2011) found that the interest cost 
contains a long memory component I( ).The result of long memory tests on the interest cost are 
presented in Table 1.4 and Table 1.5. 
Table 1.4: Long memory test for the interest cost R(T-t) 
ARFIMA (1,d,0) with constant ARFIMA (1,d,1) with constant  















2 month 0.45(0.03) -19.91 16.45 0.44(0.03) -20.53 16.24 
3 month 0.58(0.03) -15.80 21.38 0.55(0.03) -16.16 19.95 
4 month 0.65(0.03) -13.44 25.32 0.63(0.03) -13.26 22.58 
5 month 0.72(0.03) -11.09 27.98 0.69(0.03) -10.63 23.73 
6 month 0.75(0.02) -10.25 30.24 0.73(0.03) -9.40 25.44 
Note: 
1. The numbers in parentheses are standard errors. 
2.   column represents the test statistic (dARFIMA/GPH -1)/std errord. 
3.   column represents the test statistic (dARFIMA/GPH - 0)/std errord. 
4.  5% and 10% critical values are ±1.96 and ±1.64 respectively. 
 
Based on the ARFIMA (1, ,0) and (1, ,1) tests in Table 1.4, the results suggest that we can 
reject both hypothesis of  =0 and =1. It indicates that the interest cost is also characterised by 
long memory behaviour and typically found in the stationary region with  (0.25, 0.75). Based on 
semi-parametric tests in Table 1.5, the GPH analysis suggests that interest costs for CPO futures 
contain typically non-stationary long memory. The relevant t-statistics significantly reject both the 
hypothesis of I(1) and I(0. The value interval of  (0.47, 0.82), suggesting that the series are 
persistent and mean reverting. Again, this result on CPO futures is consistent with the most recent 
research by Coakley et al. (2011). Strikingly, the interest cost series in the palm oil market displays 
similar time series characteristics with the CPO futures basis and consequently supports the 
rejection of the unbiasedness hypothesis.  
Table 1.5: GPH tests for the interest cost R(T-t) 
 (S.E)   
1 month 0.47(0.02) -30.98 27.50 
2 month 0.58(0.02) -25.56 33.92 
3 month 0.67 (0.02) -19.41 39.07 
4 month 0.72(0.02) -16.21 42.27 
5 month 0.80(0.02) -11.72 46.76 
6 month 0.82(0.02) -10.63 47.85 
Note: 
1. The numbers in parentheses are standard errors. 
2.   column represents the test statistic (dARFIMA/GPH -1)/std errord. 
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3.   column represents the test statistic (dARFIMA/GPH - 0)/std errord. 




This research explores the unbiasedness hypothesis using a long memory approach for the 
Malaysian crude palm oil (CPO) futures from August 1997 to December 2010. Before proceeding to 
the unbiasedness test, we carry out preliminary unit root tests for individual series and this shows 
that the futures basis is categorised as I(1) and the interest cost is I(0). We then test the time series 
characteristics for the CPO futures basis using an ARFIMA (p, ,q) model  and GPH test. The major 
finding is that the CPO futures basis has the same characteristic as other commodity futures (see 
Coakley et al., 2011); that is, they exhibit a long memory component. This evidence of long memory 
in the CPO futures basis is inconsistent with the unbiasedness hypothesis which implies that the 
forecast error should be stationary I(0). The rejection of the unbiasedness hypothesis is also 
supported by the evidence of a long memory component in the interest cost (i.e., proxy for the cost-
of-carry). This lead us to conclude that the CPO futures price is biased in predicting future spot prices 
and therefore past prices might be used to predict future prices. Another new contribution of our 
result is the observation of the term structure of the long memory component for the futures basis 
and interest cost using different time horizons (i.e., time to maturity). The result shows that the level 
of persistence increases when time to maturity increases.  
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